The Study of Fast Optimal Generator Shedding Based on Predictor-Corrector Method  by Wang, Biao & Wang, Zhenghong
Energy Procedia 12 (2011) 361 – 367
1876-6102 © 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of University of Electronic Science and Technology of 
China (UESTC).
doi:10.1016/j.egypro.2011.10.049
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
Energy
Procedia
          Energy Procedia  00 (2011) 000–000 
www.elsevier.com/locate/procedia
ICSGCE 2011: 27–30 September 2011, Chengdu, China 
The Study of Fast Optimal Generator Shedding Based on 
Predictor-Corrector Method 
Biao Wanga*, Zhenghong Wangb  
a Sichuan Electric Power Research Institute, Chengdu 610072, Sichuan Province, China 
b Southwest Petroleum University, Chengdu 610500, and Sichuan Province, China. 
Abstract 
This paper presents a fast optimal generator shedding algorithm which is on the basis of predictor-corrector method 
and time domain simulation for transient stability. It includes two parts that are the fast time domain simulation and 
optimal generator shedding. On the basis of the generator’s classical model and load’s constant impedance model, 
this paper use fourth-order Hamming predictor-correction formula to compute differential equations of the system 
with large step length, in order to improve computing speed. The second part shows how to calculate the sensitivity 
of transient stability constraint function to control variables, by the application of optimal control theory. Combined 
with the discrete characteristics of generator shedding, “Micro-step discrete method” is proposed, which is fast, 
accurate and so on. The advantages of this method are verified by analysis results of New England 39-bus test system. 
Keywords: Transient stability, optimal control, generator shedding 
1. Introduction 
The guideline of power system stability control divides large disturbance into three categories, in order 
to ensure power systems economic and security. It allows taking emergency control measures for system’s 
stability, when the type II disturbance occurs in the system. In this paper, a fast optimal generator 
shedding algorithm of emergency control is introduced. 
In recent years, scholars at home and abroad have made lots of research of transient stability algorithm, 
which includes transient simulation algorithm and the optimal decision algorithm. According to the 
difference of transient stability algorithm, it’s divided into time domain simulation method [1]–[4] and the 
direct method [5]–[8]. In the time domain simulation method, a new emergency control algorithm by 
shedding load is introduced, as in [1], which transforms the optimal load shedding problem into the 
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optimal control problem, calculates the gradient of the transient stability constrained function to control 
variable, then gets the optimal location and amount of shedding load by linear programming. But this 
calculation may shed more or less load in the practice while the variable of shedding load is viewed as 
continuous variable, even cause system instability under disadvantage case. Reference [2] does optimal 
calculate by the sensitivity of the function of the transient stability constraints to each shedding load 
variable on the based of [1], which may be effective in preventing over-cutting, may greatly increase the 
amount of computation. Reference [3] proposed a double-threshold criterion, could increase efficiency, 
but is vulnerable to over-cutting. The algorithm in [4] is inefficient because of its exhaustive search 
strategy, which is based on detailed time-domain simulation and multi-processor parallel count. Direct 
methods have BCU method [5], composing method [6], [7] and the EEAC method [8], which are based 
on the sensitivity of relative energy function to the shedding generator and load variables and some 
optimal algorithm. In recent years, some novel emergency control algorithms appeared in the field of the 
direct method [9]–[11], but they are based on the single machine infinite bus system model, which is far 
from practical application. As to the optimal calculation, most algorithms are based on relative stability 
function to control variables. Although the direct method can make a quantitative evaluation of power 
system stability, there are the problems of poor adaptable models, hard to get critical energy algorithm 
and defensive or aggressive the results and so on. While the time domain simulation method, which has 
wide range adaptable model [12], is typical and adaptable widely to analyze the power system transient 
stability. 
This paper propose a fast optimal generator shedding algorithm which is based on the classical model 
of power system, arming at the first swing stability, and taking shedding generators as control measures. 
Fourth-order hamming predictor- correction formula is used to compute differential equations of the 
system with large step length (0.1s) with precise results, thus improving computing speed. Combined 
with the discrete characteristics of generator shedding, “Micro-step discrete method” is proposed, which 
is fast, accurate and so on. In this paper, the effectiveness of the algorithm is verified by analysis results 
of New England 39-bus test system. 
2. Algorithm Principle 
2.1. System model 
In most cases, the disturbed system’s unstable mode is the first swing stability, and unstable time is 
about 1.5s after the disturbance occurred. As the various regulators don’t act quickly in this process, the 
classical model system is used to studying the first swing instability system, which uses the constant 
transient potential, the constant prime mover mechanical power and the constant impedance load model. 
The general form of classical model power system under the control of emergency is 
{ 0( , , ), (0)( , , )= ==0x f x y u x xg x y u                                     (1) 
While, x  is the vector of the state variables of the generators, 0x is initial value; y is the vector of 
operation variables (i.e., algebraic variables); u  is control vector, which component is the ratio of 
corresponding shedding generator power to total generator power capacity. 
The emergency control time is ect .while ect t< , we know 0= = 0u u ; while ect t= , emergency control is 
acting,  u changes quickly, and = ∗u u ; while ect t> , u keeps ∗u .This paper is aiming at calculate the 
optimal control scheme ∗u , while the total shedding generator power is the fewest on the basis of the 
system keeping stable. 
Transient stability of the system is determined by the maximum relative swing angle between the 
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generator rotors maxδ . There are often two ways to judge system’s stability, as in [14]. One is that maxδ  is 
less than a specified value (usually taken180o ) in the every moment of the swing process; the other is 
maxδ  of choused time is less than a specified value (usually taken 180o ). This paper uses the second 
method, which to some extent reduce the results’ conservative. The choice of endt is subjective, and endt is
1.5s in this paper which only consider the first swing instability mode. 
It’s assumed that there are gs  generator nodes which can be controlled, so taking the removal of the 
minimum amount of power as the goal function; the mathematical model of optimal generator shedding 
can be expressed as 
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Among them, gC is the value of controllable generator nodes; gP  is the total active power of 
controllable generator nodes; ( )i endtδ  is the angle of the time endt of the i th generators while the control 
variable is u ; gn  is the total number of the generator nodes; ( )endh t , x ,u  is the function which reflects the 
transient stability constraint.  
2.2. Differential algebraic equations 
As the role of regulator is usually not taken into account, the classical model of power system almost 
don’t have stiffness problem, so the explicit numerical calculation method, which has small computation, 
high precision and somewhat low numerical stability, can be used. Modified Hamming predictor-
corrector method is a high precision computation of the fourth order explicit numerical 
integration Method [15], and its expression is   
1 3 1 2
1 1
1 2 1 1
1 1 1 1
4
(2 2 ) t
3
112
( )
121
1 3
(9 ) ( 2 ) t
8 8
9
( )
121
i i i i i
i i i i
i i i i i i
i i i i
+ − − −
+ +
+ − + −
+ + + +
⎧ = + − + Δ⎪
⎪
⎪ = + −⎪⎨
⎪ ′= − + + − Δ⎪
⎪ = − −⎪⎩
p x f f f
m p c p
c x x f f f
x c c p
                (3) 
While, tΔ is the step, i is step number, x and f  have the same meaning as in (1), 1i+p is predicted 
value, 1i+m is the corrective value of 1i+p , 1i+c is the corrective value, 1i+x is the corrective value of 
1i+c . This method is fourth-order multi-step. The starting operations can use the standard Runge-Kutta 
method (standard RK method). The two functions 1i+f  and 1i+′f  must be calculated for 1i+x
when 3i > , while 1 1 1( , )i i it+ + +′ =f f m . This method can save the calculation of the two functions than the 
standard RK method, which means can reduce the half of work. The wide range of practical application of 
the implicit trapezoidal method solves differential equations and algebraic equations simultaneously; each 
step of the integration process takes two or three times of Newton iteration, so the calculation is slightly 
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slower. Modified Hamming predictor-corrector method can use long step numerical integration, and this 
paper’s integration step is taken to be 50ms (The integration step length of implicit trapezoidal method is 
usually 10ms).  
The specific form of algebraic equations: 
YV = I                                                            (4) 
The matrix Y  can be triangular decomposed before solving equation (4) 
TY = U DU                                                 (5) 
where U is the upper triangular matrix, and D is the diagonal matrix. 
Then the following formula can be use 
1 1
T−
− −
⎧⎨⎩
F = U I
V = U D F
                                            (6) 
The I  is a sparse vector, because it’s only need to calculate the voltage of each generator node. So the 
sparse vector method can be used, in order to take fast forward substitution and back substitution by the 
factor table, thus speeding up the calculation of the algebraic equation.  
As to different fault and emergency control, the network equation (4) use the same form, while only a 
minority of admittance matrix elements changes. So compensation method can be used, as in [16], to 
compute algebraic equations and avoid repeat the admittance matrix’s triangle decomposition, so 
improving processing speed.   
2.3. Algorithm for optimal generator shedding 
Although (2) is dynamic optimal control problem, the control variable is constant, e.g. the role of the 
control is parametrical. It’s the optimal parameter selection problem in fact, and can be transformed into 
mathematical programming problems, so the key is how to obtain the gradient of transient stability 
function to control variables. As to (1), the gradient is calculated as 
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While the accompany variables λ and β can be solved by the co-state differential algebraic equations. 
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This paper propose a new shedding generator algorithm, which uses (7) and (8) to calculate the 
gradient of the control variables, then calculate the optimal shedding generator uΔ  by the linear 
programming. The gradient method as a linear approximation method is only applicable when the 
independent variable takes small values. And shedding generators has discrete characteristic, which can 
not use the results of continuous variables optimization, so the optimal results of actual system could take 
more than the smallest discrete solution of continuous results. Therefore, this paper get α times of 
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optimal results in the each iterative time (such as 0.01), then dispersing by using the above method 
discretization, until the system is stable. This method is called "Micro-step discrete method". The result is 
not only suitable in the small step, but also in the large step. Because the coefficient α is small, which 
weak the error caused by large step integration. Therefore, this method is reliable, fast, and accurate and 
so on. If the system particularly occurs serious fault, you need to cut a lot of power, so the coefficient α
could get bigger value (such as 0.2), to speed up the computing speed. The optimal result is high precise, 
as taking into account the sensitivity of the control points does not change in the cutting machine process, 
as in [2]. 
Thus, the main steps of the fast optimal shedding generator algorithm to maintain transient stability are: 
(1) In the time interval (0, ]ect t∈ , use the standard RK method to solve equation (1), get ( )ectx ;
(2) set the number of iterations 0k = , set the initial value 0 = 0u ;
(3) In the time interval ( , ]ec endt t t∈ , use the modified Hamming predictor-corrector method to calculate 
the state variables ( , )ktx u , and calculate the constraint function ( )kh u ;
(4) If 0k = and ( ) 0kh ≥u , then the system maintains transient stability, the calculation terminate, 
otherwise go into the next step; if 0k ≠  and ( ) 0kh ≥u , we have the optimal shedding generator results ∗u ,
the calculation terminate, otherwise go into the next step; 
 (5) By (7) and (8) to calculate the gradient of the control points, then to compute linear programming, 
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Among them 0.01α = , get 1k k k+ = + Δu u u , and discrete 1k+u ;
(6) Set 1k k= + , return to step (3).  
2.4. Example 
 This paper takes the New England 39-bus as example, all the generators could be controlled, and all 
the control points has four levels, namely four generators, to simplify the calculation, the generators’ 
power of the same node is same. The simulation is taken on the Pentium E2220 motivated computer 
through MATLAB. The three-phase short circuit occurs at 0 seconds in the line between node 28 and 
node 29, and the fault is removed at 0.1 seconds. Fig. 1 is the generator's largest rocking curves using the 
standard RK method, while the step takes 0.01 seconds, and as the accurate results. Fig. 2 shows the 
calculation error by using this paper’s methods with different steps. 
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Fig. 1.Swing curve.                                                                                Fig. 2.Calculation Error 
It can be seen from Fig. 2, the error is not more than 0.05% when the step 10 ~ 50t ms msΔ = , and the 
maximum step error is less than 0.1% when the step 100t msΔ = . To ensure good accuracy of shedding 
generators, this paper takes the step as 50ms.  
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Fault 1 is assumed as occurred at the head of the line between node 28 and 29, removed at 0.1s, shed 
generators at 0.2s. The fault 2 occurred at node 16 and node 19, the other is same as fault 1. To verify the 
accuracy of the equation (7) to calculate the gradient, it is compared with the perturbation method, which 
is ratio of the stability constraints’ micro-increment and control variable’s micro-increments (e.g. 0.001). 
When the stability control does not take any measures, the comparison of two methods to compute all 
generating gradient is showed in Table 1.  
By comparing the data in Table 1, it shows that the gradient is very similar by the two methods of 
using equation (7) and perturbation methods, which indicates that equation (7) to compute gradient is 
very accurate. 
Table 1. The gradient comparison of two methods 
node perturbation method  This paper’s method
30 -108.8 -108.4 
31 -286.8 -285.8 
32 -350.0 -348.3 
33 -411.3 -408.4 
34 -282.4 -281.2 
35 -421.9 -418.7 
36 -396.4 -393.9 
37 -421.0 -417.0 
38 1727.1 1682.6 
39 -157.5 -159.3 
Table 2. The results comparison of this paper’s method and others 
 example implicit trapezoidal method This paper reference [1] 
Fault1
optimal results * 38: 0.5 38: 0.5 38: 0.654 
total shedding power MW 4.15 4.15 5.434 
Iterative number 2 2 2 
Execution time (s) 0.718 0.313 0.438 
Fault2
optimal results * 
33: 0.75 
34: 0.25 
33: 0.75 
34: 0.25 
33: 0.75 
34: 0.381 
total shedding power MW 6.01 6.01 6.678 
Iterative number 4 4 14 
Execution time (s) 1.109 0.531 1.907 
*: the node number and the corresponding amount of control 
Table 2 shows the comparison of this paper’s method, the implicit trapezoidal method and reference 
[1]’s method. To facilitate comparison, the step of the two latter methods also takes 50ms, and the 
calculation of the optimal decision- making of the implicit trapezoidal method use this paper’s, and the 
solution of differential equation of reference [1] method use this paper‘s Hamming predictor-corrector 
method.  
As can be seen from Table 2, the results of this method is same as the implicit trapezoidal method, but 
the former calculated work is about the half of the latter; compared with the reference [1] method, this 
paper’s method results and the number of iterations are much smaller. A large number of example shows 
that this method could get reliable, accurate results,   generally less than 6 iterations, so it has some 
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practical value.  
3. Conclusion 
This paper presents a fast time domain simulation based on the optimal shedding generators algorithm, 
combined with the sparse vector method to solve the network equations and compensation method 
dealing with network variable. Optimal control theory is used to get the gradient of the emergency control 
variables, as well as the linear programming. Considering small changes in variables and discrete features 
of generator shedding, the "micro-step discrete method" is proposed. Through lots of example’s 
calculating, the results show that the algorithm has high speed and high precision, so it may be used in the 
formation of the emergency power system stability control strategy table.  
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